Background
Worldwide, thyroid cancer is the most common cancer of the endocrine system, accounting for approximately 1% of all newly diagnosed cancer cases, and the incidence has been increasing in the past few decades [1] . According to the International Cancer Research Institute, in 2010, the standardized incidence ratio of thyroid cancer in men was 1.9/10,000, which represented an increase of 26% from 2008 [2] . In 2010, the incidence of thyroid cancer in women was 6.1/10,000, which represented an increase of 29.8% from 2008 [2] . In China, thyroid cancer is the ninth most common cause of cancer, and the ratio of thyroid cancer between men and women is approximately 1: 3.3 [2] . There is still a need for more effective methods for the prevention, early diagnosis, and treatment of thyroid cancer.
There are four main histological types of thyroid cancer that include papillary, follicular, medullary, and anaplastic cancer, but papillary thyroid cancer (PTC) is the most common type, representing up to 80% of cases [3] . Depending on the geographic population being studied, epidemiology studies have shown 5-year and 10-year survival rates for PTC to be between 80-90% [4] . However, the survival rates for PTC vary, and patient outcome might be related to genetic factors.
BRAF is a gene that has a critical role in the mitogen-activated protein kinase (MAPK) signaling pathway [5] . The most common mutation in the BRAF gene is V600E, which occurs as a result of a base substitution in exon 15 of thymine for adenine that converts valine to glutamic acid at amino acid residue 600 (BRAF V600E) [6] . As the most common BRAF mutation, V600E promotes the continuous activation of BRAF kinase [6] . Previously published studies have shown that up to 45% of patients with PTC have a BRAF mutation, most of them being mutations in BRAF V600E [7] .
In previously published studies on patients with PTC, BRAF mutations have been reported to be associated with increased patient age, tumor progression and metastasis, tumor phenotype, and tumor recurrence [8] [9] [10] [11] . Kim et al. studied 72 cases of PTC and found that 49 cases (68.1%) were associated with BRAF mutation, and in three cases out of 49, BRAF V600E was found in tumor tissue and serum [12] . Kurt et al. found that 40 of 46 patients (87%) with PTC had a BRAF mutation and 4 of these 40 patients had distant metastases [13] . However, previously published studies have had limited patient sample size and limited molecular diagnostic technology, and the role of the BRAF V600E mutation in the progression of PTC remains unclear.
The human RET gene is located on chromosome 10q11.2 and encodes a transmembrane protein, RET, which is a receptor tyrosine kinase [14] . In studies from the past two decades, the RET gene has been shown to be activated by chromosome rearrangement in PTC [15, 16] . RET gene rearrangement can result in the formation of a fusion protein, resulting in cell transformation in thyroid carcinoma [17] . In 1999, Miki et al. showed that expression of RET/PTC was significantly increased in patients with PTC who had local invasion [18] . Giannini et al. showed that H4-RET expression was significantly associated with lymph node metastasis in PTC [19] . The findings of these previously published studies support the relationship between RET/PTC and metastasis in thyroid cancer.
Nuclear factor-kB (NF-kB) has a role in cell apoptosis, in promoting inflammation, and in the immune response [20] . Ludwig et al. showed that high levels of expression of NF-kB were related to RET activation in a human medullary thyroid carcinoma cell line [21] . Palona et al. showed that anti-apoptosis and invasion of thyroid carcinoma cells regulated by BRAF were also regulated by NF-kB [22] . The findings of these previously published studies support a role for NF-kB in the progression and metastasis of PTC that express the BRAF or RET genes.
Previously published studies have also shown that the induction of RET gene rearrangement was associated with increased expression of inflammation-related genes in the tumor microenvironment of patients with primary PTC and lymph node metastasis [23] [24] [25] . Husain et al. found that in anaplastic thyroid carcinoma tissue, levels of vascular endothelial growth factor (VEGF)A, VEGFC, and interleukin (IL)-6 increased, and were associated with the expression of BRAF V600E [26] . The findings of these previously published studies support a role for the BRAF V600E mutation on inflammation in thyroid cancer.
In an in vitro study, we have previously published the findings protein expression, and cell proliferation and cell migration in four thyroid cancer cell lines, TPC-1 (BRAF WT/WT), BCPAP (BRAF V600E/V600E), PCCL3, and PTC3-5 (RET/PTC), which showed that BRAF V600E and RET/PTC both promoted thyroid cell proliferation and migration, and NF-kB was involved in these cellular processes [27] .
Therefore, the aim of this study was to investigate the expression of the BRAF V600E gene mutation and the RET/PTC gene rearrangement in the progression of PTC in 50 patients from Inner Mongolia. The activity of NF-kB and serum inflammatory mediators were also investigated, with clinical characteristics, including the presence of lymph node metastases and time to tumor progression.
Material and Methods

Patients studied and ethical approval
Clinical data and tumor samples were collected from 50 patients with papillary thyroid carcinoma (PTC) with tumor recurrence, and from ten patients with benign thyroid adenoma as the control group. Both groups of patients had histologically confirmed diagnoses and were investigated and treated at the Endocrinology Department of Inner Mongolia Peoples' Hospital, between January 2016 to January 2017. All patients studied were matched by age and gender and lived in Inner Mongolia for more than 20 years. Patients with a diagnosis of PTC underwent tumor resection and therapeutic neck dissection. The tumor tissues were sent to the Department of Pathology for examination, preparation the tissue sections and slides for light microscopy. Informed consent was obtained for each patient who participated in the study. The study was approved by the Medical Ethics Committees of Inner Mongolia Peoples' Hospital.
Detection of the bRAF V600E mutation using polymerase chain reaction (PCR) DNA was extracted from the thyroid tumor tissue using a DNA extraction kit (Omega Bio-Tek, Inc.) according to the manufacturer's instructions. The following primers were prepared for polymerase chain reaction (PCR): BRAF V600E (forward: 5'-TCATAATGCTTGCTCTGATGGGA-3' and reverse: 5'-GGCCAAAAATTTAATCAGTGGA-3') and GAPDH (forward: 5'-TGCACCACCAACTGCTTAGC-3' and reverse: 5'-AGCTCAGGGATGACCTTGCC-3').
The primers were synthesized by Invitrogen (Thermo Fisher Scientific Inc. Shanghai, China). Polymerase chain reaction (PCR) was performed using 25 μl samples, with the following reaction schedule, that included 30 cycles: pre-denatured at 95°C for 5 min; denaturated at 95°C for 30 sec; annealed at 55°C for 30 sec; extension at 72°C for 30 sec; and a final extension at 72°C for 8 min. The PCT product was analyzed using a 1.5% agarose gel (Sigma-Aldrich Co., Shanghai, China). Specific bands were recovered and sent to BGI Genomics Co., Ltd (Shenzhen, China) for DNA sequencing.
Detection of RET/PTC and nuclear factor-kB (NF-kB) (p65) using immunohistochemistry and immunofluorescence
Immunohistochemistry was used to detect the expression of RET/PTC and nuclear factor (NF)-kB (p65) in tissues containing PTC (n=50) and benign thyroid adenoma (n=10). Tissue sections on glass slides were dried at 68°C for 20 min, and de-waxed in graded ethanol solutions, incubated in 3% H 2 O 2 at 37°C for 10 min, and washed in phosphate buffered saline (PBS) (Boster Biological Technology Co., Ltd. Wuhan, China) and incubated with citrate buffer solution (0.01M) at 95°C for 20 min, cooled to 25°C, and blocked with normal goat serum (Beijing China Ocean Co., Ltd.) at 37°C for 10 min.
Tissue sections on glass slides were incubated with primary rabbit anti-RET antibody (1: 500) (Abcam, Shanghai, China) and primary antibody to NF-kB (p65) (1: 500) (Abcam, Shanghai, China) at 4°C, overnight, and then incubated with goat antirabbit antibody (1: 200) (Abcam, Shanghai, China) or donkey anti-rabbit IgG conjugated with DyLight 488 Amine-Reactive Dye (1: 500) (Abcam, Shanghai, China) at 37°C for 30 min, for immunofluorescence analysis. For immunohistochemistry analysis, following washing, 3,3'-diaminobenzidine (DAB) (Beyotime Biotechnology, Shanghai, China) was incubated on the slides at 25°C for between 3-30 min until the color label developed. After washing, counterstaining of the tissue sections was performed with hematoxylin and eosin (H&E) (Beyotime Biotechnology, Shanghai, China) at 25°C for 2 min. After washing, the stained tissue sections on the glass slides were sealed with neutral resin (Bioway Biotechnology Co., Ltd. Beijing, China), coverslipped, and observed under a light microscope (Olympus Corporation, Beijing, China).
Detection of inflammatory mediators using enzyme-linked immunosorbent assay (ELISA)
Fasting venous blood samples (10 ml) were collected from each patient, before and after surgery, in glass tubes containing the anticoagulant, ethylenediaminetetraacetic acid (EDTA) (Corning, Shanghai, China). Blood samples were centrifuged at 4°C and 3,000×g for 15 min. The supernatant was collected and placed in a cryogenic tube (Corning, Shanghai, China) and stored at -20°C.
Tumor tissues were cut into pieces and homogenized in a 0.86% saline solution and fully homogenized (Shanghai Jingxin Industrial Development Co., Ltd., China) at 4°C. The homogenized samples were centrifuged at 4°C and 4,000×g for 15 min. The supernatant was collected in epoxy epoxide (EP) (Corning, Shanghai, China) and stored at -20°C. 
Statistical analysis
Data were presented as the mean ± standard deviation (SD) and analyzed using SPSS version 20.0. One-way analysis of variance (ANOVA) and a Pearson's chi-squared (c 2 ) test were used for comparative analysis. A test of least significant difference (LSD) was performed with the homogeneity of variance, and the Dunnett's T3 test was performed for analysis of heterogeneity. Pearson's correlation was performed on the association between BRAF V600E or RET/PTC and age, gender, lymph node metastasis, and NF-kB expression in patients with PTC. A P-value of <0.05 was considered to be statistically significant.
Results
BRAF V600E and RET/PTC were present in papillary thyroid carcinoma (PTC) tissue but not in benign thyroid adenoma tissue
The clinical data of 50 patients with papillary thyroid carcinoma (PTC) patients and ten patients with benign thyroid adenoma are shown in Table 1 . The histology of the tumors was evaluated using light microscopy with the tissue sections routinely stained with hematoxylin and eosin (H&E). The histological appearances of PTC and benign thyroid adenoma tissues are shown in Figure 1A and Figure 1B , respectively. Figure 1C shows positive immunostaining for RET/PTC in tissue from a case of papillary thyroid carcinoma (PTC).
Of the 50 patients with PTC, 37 patients expressed the BRAF V600E gene mutation, eight patients expressed RET/PTC, and five patients showed concomitant BRAF V600E and RET/PTC. There was no positive BRAF V600E or RET/PTC in ten patients with benign thyroid adenoma (F=41.542, P<0.05).
In the tumor tissues from the 50 patients with PTC, the positive rate of expression of BRAF V600E (74%) was significantly greater compared with the expression of RET/PTC (16%), and the positive rate of concomitant BRAF V600E and RET/PTC (10%) was significantly lower (P<0.05). These expression patterns were not found in the tissue of benign thyroid adenoma.
BRAF V600E and RET/PTC expression were associated with the gender of patients with PTC There were significant differences in the gender distribution of positive BRAF V600E, RET/PTC and concomitant BRAF V600E and RET/PTC in patients with PTC compared with benign thyroid adenoma (F=3.015, P=0.037, P<0.05) (Figure 2A ), as no positive BRAF V600E or RET/PTC expression was found in patients with benign thyroid adenoma.
In patients with PTC, the gender distributions of positive BRAF V600E, RET/PTC and concomitant BRAF V600E and RET/PTC showed significant differences (F=3.579, P=0.036, P<0.05). Positive BRAF V600E was present in 72.97% of female patients with PTC, which was significantly greater compared with male patients with PTC (27.03%). Positive RET/PTC was present in 75.00% of male patients with PTC, which was significantly greater compared with female patients with PTC (25%) (P<0.05) ( Figure 2B ).
BRAF V600E and RET/PTC expression correlated with the age of patients with PTC There were significant differences in age distributions of BRAF V600E, RET/PTC and concomitant BRAF V600E and RET/PTC expression between patients with PTC and benign thyroid adenoma (F=6.614, P=0.001, P<0.05) (Figure 2A ).
In patients with PTC, the age distributions of positive BRAF V600E, RET/PTC and concomitant BRAF V600E and RET/PTC expression in patients with PTC showed significant differences (F=9.542, P<0.001). Significant differences were found between patients with PTC with BRAF V600E and those with concomitant BRAF V600E and RET/PTC (P<0.001), as well as between RET/PTC and concomitant BRAF V600E and RET/PTC (P=0.002, P<0.05) ( Figure 2B ). Correlation analysis showed that the age of patients with PTC was positively correlated with BRAF V600E, RET/PTC and concomitant BRAF V600E and RET/PTC, as the older the patients with PTC, the higher the positive rate of RET/PTC or concomitant BRAF V600E and RET/PTC was, and the lower the positive rate of BRAF V600E was (r=0.399; 95% CI, 0.023-0.629; P=0.004, P<0.05).
bRAF V600E and RET/PTC expression were associated with time to recurrence in patients with PTC
In patients with PTC, the distribution of time to tumor recurrence in patients with BRAF V600E, RET/PTC and concomitant BRAF V600E and RET/PTC showed significant differences (F=6.224, P=0.045, P<0.05) ( Figure 2B ). Time to recurrence in patients with PTC carrying BRAF V600E was significantly longer compared with patients with concomitant expression of BRAF V600E and RET/PTC (P=0.005, P<0.05) ( with patients with benign thyroid adenoma (F=9.619, P<0.05) (Figure 2A ). However, no significant difference was found between patients with PTC and BRAF V600E, RET/PTC or concomitant BRAF V600E and RET/PTC expression ( Figure 2B ).
Correlation between age, lymph node metastases, time to recurrence, and NF-kB in patients with PTC
The age of the patients with PTC was significantly correlated with the presence of lymph node metastases, as the older the patients were, the higher the rate of lymph node metastasis was (r=-0.373; 95% CI, -0.619-0.105; P=0.008, P<0.05). Time to recurrence of PTC was correlated with the presence of lymph node metastases or with positive expression of NFkB, shown by the significant association between time to recurrence and the higher the rate of lymph node metastasis (r=-0.515; 95% CI, -0.711-0.300; P<0.001) and between time to recurrence and the positive rate of expression of NF-kB (r=-0.485; 95% CI, -0.625-0.302; P<0.001).
Inflammatory mediators
As shown in Table 2 and Figure 2C , serum levels of interleukin (IL)-1b, IL-6, tumor necrosis factor (TNF)-a, transforming growth factor (TGF)-b, C-X-C motif chemokine ligand (CXCL)1, CXCL2, C-C motif chemokine ligand (CCL)2, and CCL3 levels in patients with PTC significantly decreased after surgery when compared with levels before surgery (P<0.05). In patients with benign thyroid adenoma, serum levels of IL-1b, IL-6, TNF-a, TGF-b, CXCL1, CCL2 and CCL3 also significantly decreased after surgery when compared with levels before surgery (P<0.05).
Before surgery, except for CXCL2 and CCL2, serum IL-1b (F=191.53, P<0.001), IL-6 (F=320.105, P<0.001), TNF-a (F=134.009, P<0.001), TGF-b (F=118.816, P<0.001), CXCL1 (F=66.271, P<0.001) and CCL3 (F=10.420, P=0.002) levels were significantly higher in patients with PTC compared with patients with benign thyroid adenoma (P<0.05). After surgery, except for CXCL1, CXCL2 and CCL2, serum IL-1b (F=45.437, P<0.001), IL-6 (F=13.333, P=0.001), TNF-a (F=8.975, P=0.004), TGF-b (F=51.304, P<0.001) and CCL3 (F=6.884, P=0.011) levels were significantly higher in patients with PTC compared with patients with benign thyroid adenoma (P<0.05). No significance in the levels of serum inflammatory mediators was found before and after surgery among different patients with PTC (Table 2, Figure 2D ).
As shown in Table 3 and Figure 2E , except for CXCL1 and CCL3 levels, IL-1b (F=453.823, P<0.001), IL-6 (F=622.606, P<0.001), TNF-a (F=149.515, P<0.001), TGF-b (F=16.927, P<0.001), CXCL2 (F=20.494, P<0.001) and CCL2 (F=9.445, P=0.003) levels in tumor tissues were significantly higher in patients with PTC compared with patients with benign thyroid adenoma (P<0.05). No significant differences in the expression of tumor tissue factors were found among between different types of PTC tumor ( Figure 2F ).
Discussion
Recently, BRAF gene mutations and the RET/PTC gene re-arrangement have been found in patients with papillary thyroid carcinoma (PTC) by fine-needle aspiration biopsy (FNAB), a finding that has attracted clinical attention to these factors in PTC [28, 29] . Although not all tissues from patients with PTC contain BRAF mutations or the RET/PTC gene re-arrangement, the association between BRAF mutation or RET/PTC re-arrangement and the pathogenesis and progression of PTC remains unclear.
The present study included tumor tissue samples from 50 patients with histologically confirmed diagnoses of PTC and tissue samples from ten patients with benign thyroid adenoma, which allowed comparison of the findings from detection of expression of BRAF V600E or RET/PTC or concomitant expression of both. The findings of this study showed that 37 patients with PTC carried the BRAF V600E mutation, eight patients had the RET/PTC translocation, and five patients had concomitant BRAF V600E and RET/PTC, but no positive BRAF V600E or RET/PTC were present in patients with benign thyroid adenoma. These results indicated that BRAF V600E and RET/PTC only occurred in malignant thyroid tumors, specifically in PTC in this study, but not in benign thyroid tumors. The findings of the present study are supported by the findings from previously published studies [30] [31] [32] [33] [34] [35] .
There have been previous studies that have reported the concomitant expression of BRAF V600E and RET/PTC in PTC tumor tissue. Wang et al. studied 125 Chinese patients with PTC and found that 19% of patients had tumors that expressed both BRAF V600E and RET/PTC [36] . Ying et al. studied patients with recurrent PTC and found that 9.3% of patients with PTC expressed both BRAF V600E and RET/PTC [37] . In the present study, five out of 50 patients (10%) with recurrent PTC expressed concomitant BRAF V600E and RET/PTC. These findings indicate that concomitant expression of BRAF V600E and RET/PTC in patients with PTC is associated with an increased risk of tumor recurrence.
In the present study, gender differences were investigated, which showed that positive BRAF V600E in female patients with PTC was significantly more prevalent in female patients compared with male patients (27: 10), while RET/PTC was significantly more prevalent in male patients with PTC when compared with female patients (6: 2), but no significant difference between male and female patients was found for the concomitant expression of BRAF V600E and RET/PTC in this study. According to the findings of a previous study by Ito et al., there was no significant difference between men and women for the expression of BRAF V600E based on a study that included 631 Japanese patients with PTC [38] . Li et al., investigated 3,437 patients with PTC, and their results also showed no differences between expression of the BRAF V600E mutation and gender [39] . However, in a study by Sadtzki et al., the findings showed an increased prevalence of positive RET/PTC in male patients with PTC compared with female patients with PTC [40] . Ying et al. analyzed the data of 68 patients with PTC and found positive BRAF V600E expression in female patients (70.3%), which was significantly greater when compared with male patients, while positive RET/PTC in male patients (75%) was significantly greater when compared with female patients [37] .
The findings from these studies show gender variations that may be due to regional differences in the populations studied.
The present study included an analysis of the age of the patients with PTC, and the results showed that the average age of patients with PTC carrying positive BRAF V600E or RET/PTC was significantly lower compared with those expressing concomitant BRAF V600E and RET/PTC. Also, the expression of both BRAF V600E and RET/PTC was positively correlated with age but negatively correlated with time to recurrence. These results indicated an association between concomitant expression of BRAF V600E and RET/PTC and increased age in the patients with PTC with a shorter was the time to tumor recurrence in PTC, indicating a worse prognosis. Previously published studies have shown with PTC carrying BRAF V600E (66.9%), which did not reach statistical significance [44] . Several previous studies have shown that the presence of RET/PTC, RET/PTC subtypes, and geographical area, to be associated with lymph node metastases in patients with PTC [18, 19, 45] .
Nuclear factor-kB (NF-kB) has a role in promoting tumor metastasis and has been previously shown to be involved the progression of PTC [46] . Bommarito et al., found that NF-kB was regulated by BRAF V600E in promoting the development and progression of PTC [47] . Neely et al., showed a significant correlation between RET/PTC expression and NF-kB activity [48] . However, there has been no previously published evidence to show an association between the expression of NF-kB and the development of benign thyroid adenoma. In the present study, 86% of cases of PTC were positive for the expression of NF-kB. However, 20% of cases of benign thyroid adenoma were also positive for NF-kB. The positive expression NF-kB in patients with PTC and was most significantly associated with concomitant expression of BRAF V600E and RET/PTC. Therefore, from the findings of this study, it is possible to propose that both BRAF V600E and RET/PTC could promote the activity of NF-kB and the progression of PTC. Also, the findings of this study showed that time to recurrence of PTC was positively and significantly correlated with NF-kB activity in PTC, but not in benign thyroid adenoma. These findings are of interest, and further studies are recommended on the associations between the expression of BRAF V600E and RET/PTC with NF-kB and with patients prognosis in PTC.
Both malignant thyroid carcinoma and benign thyroid adenoma can be associated with inflammation, and inflammation can be associated with an increase in gene mutations, as has been shown for BRAF mutations, RAS mutations, and RET/PTC gene re-arrangement [49] . In the present study, the results showed significant differences in the levels of serum inflammatory mediators between patients with PTC and patients with benign thyroid adenoma. In patients with PTC, before surgery, serum levels of interleukin (IL)-1b, IL-6, tumor necrosis factor (TNF)-a, transforming growth factor (TGF) -b, C-X-C motif chemokine ligand (CXCL)1, and CCL3 were significantly increased when compared with patients with benign thyroid adenoma. After surgery, for patients with PTC, all the serum levels of inflammatory mediators decreased significantly, but serum levels of IL-1b, IL-6, TNF-a, TGF-b, and CCL3 in patients with PTC were still significantly greater post-operatively when compared with serum levels in patients with benign thyroid adenoma. IL-1b, IL-6, TNF-a, TGF-b, CXCL2, and CCL2 in tumor tissue of patients with PTC were significantly increased compared with patients with benign thyroid adenoma, which supported an increased degree of inflammation in PTC compared with benign thyroid adenoma.
This study had several limitations. The study included a small sample size of 50 patients with PTC, which is a factor that may have affected the results and their interpretation. Also, clinical data from the patients included in the study was only collected during a two-year period, and longer patient follow-up should be undertaken in future studies. This study was based on an Asian population from the Inner Mongolia region of China. Future studies are recommended that include a larger patient sample population and comparison with regional variations in patients with PTC.
Conclusions
In a patient population in Inner Mongolia with papillary thyroid carcinoma (PTC), the expression of the BRAF V600E mutation and the RET/PTC translocation promoted the activity of NF-kB, expression of inflammatory mediators, and lymph node metastases and showed a significant association with age, gender, and time to recurrence.
